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Additional information that complements the con-
tent of the Letter is provided. Several acronyms are
used. These are: matrix element (ME), final state
radiation (FSR), initial state radiation (ISR), parton
shower (PS), colour reconnection (CR), early resonance
decay (ERD), underlying event (UE), branching frac-
tion (BF), and identification (ID).
The distributions used in the fit are compared to the
data after the fit in Figure 1, and the normalized fit pulls
and constraints on the nuisance parameters related to
the modelling uncertainties are shown in Figure 2. By
means of the likelihood fit, the quantities σ(µk)
tt
are deter-
mined to be:
σ
(µ1)
tt
= 255 ± 11 (syst) ± 2 (stat) pb,
σ
(µ2)
tt
= 315 ± 15 (syst) ± 2 (stat) pb,
σ
(µ3)
tt
= 181 ± 9 (syst) ± 1 (stat) pb,
σ
(µ4)
tt
= 50 ± 3 (syst) ± 1 (stat) pb.
The correlations between the measured σ(µk)
tt
are given
in Table 1, while the contribution of the various sources
of systematic uncertainties to the total uncertainty can
be found in Tables 2 to 5. Finally, the extracted values
of mt (µk) are shown in Figure 3, together with the value
of mt (mt ) extracted from the inclusive tt cross section,
as described in the Letter. The numerical values of the
extracted masses are:
mt (µ1) = 155.4 ± 0.8 (fit) ± 0.2 (PDF+αS ) ± 0.1 (extr) +0.9−0.6 (scale),
mt (µ2) = 150.9 ± 3.0 (fit) +1.1−0.7 (PDF+αS ) +0.4−0.5 (extr) +3.9−4.3 (scale),
mt (µ3) = 148.2 ± 4.6 (fit) +2.0−1.4 (PDF+αS ) +0.9−1.0 (extr) +7.3−9.5 (scale),
mt (µ4) = 136.4 ± 9.0 (fit) +3.8−3.0 (PDF+αS ) +2.8−2.3 (extr) +9.6−16.1 (scale).
The scale uncertainties are obtained by varying the
renormalization and factorization scales by a factor of
two, avoiding cases in which µr/µf = 1/4 or 4. The
total scale uncertainty is then defined as the envelope
of the individual variations. Similarly, the value mt (mt )
determined from the inclusive cross section is:
mt (mt ) = 162.9 ± 1.6 (fit+extr+PDF+αS ) +2.5−3.0 (scale).
As explained in the Letter, scale uncertainties are not
considered in the extraction of the running, which is in-
vestigated at a fixed order in perturbation theory.
Table 1: Correlations between the measured σ(µk)
tt
, including all sys-
tematic uncertainties.
σ
(µ1)
tt
σ
(µ2)
tt
σ
(µ3)
tt
σ
(µ4)
tt
σ
(µ1)
tt
1.00
σ
(µ2)
tt
0.64 1.00
σ
(µ3)
tt
0.72 0.60 1.00
σ
(µ4)
tt
0.32 0.65 0.47 1.00
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Figure 1: Comparison between data (points) and post-fit distributions of the expected signal and backgrounds from simulation (shaded histograms)
used in the fit of dσt t /dmt t . In the left column events with zero or three or more b-tagged jets are shown. The middle (right) column shows events
with exactly one (two) b-tagged jets. Events in the first, second, third, and fourth bin of mrecott are shown in the first, second, third, and fourth row,
respectively, while events with less than two jets are shown in the fifth row. The hatched bands correspond to the total uncertainty in the sum of the
predicted yields and include the contribution from the top quark mass (∆mMCt ). The ratios of data to the sum of the predicted yields are shown in
the lower panel of each figure. Here, the solid gray band represents the contribution of the statistical uncertainty.
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Figure 2: Pulls and constraints of the nuisance parameters related to the modelling uncertainties. The pulls, defined as the difference between
the post-fit and pre-fit values of a nuisance parameter in units of the corresponding pre-fit uncertainty, are represented by the markers, while the
constraints, defined as the ratio between the post-fit and pre-fit uncertainties on a nuisance parameter, correspond to the inner vertical bands. The
horizontal lines represent the pre-fit uncertainty, and the outer vertical bands indicate the additional uncertainty due to the limited statistics in the
simulation, as determined using pseudo-experiments.
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Figure 3: Values of mt (µk) extracted from the measured dσt t /dmt t
(round markers), compared to the value of mt (mt ) extracted from the
inclusive σt t (square marker). The inner vertical bands correspond to
the combination of fit, extrapolation, and PDF uncertainties, while the
outer vertical bands include the contribution of the scale uncertainties.
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Table 2: The relative uncertainty in σ(µk)
tt
and its sources, as obtained
from the likelihood fit. The MC statistical uncertainty is determined
separately, using pseudo-experiments. The individual uncertainties
are given without their correlations, which are however accounted for
in the total uncertainty. For extrapolation uncertainties, the ± notation
is used if a positive variation produces an increase in σ(µk)
tt
, while the
∓ notation is used otherwise.
Source Uncertainty [%]
Jet energy scale 1.0
PDF 1.1
Lepton ID/isolation 2.2
Electron energy 0.5
b quark fragmentation 1.1
b tagging 0.2
Colour reconnection 0.7
Kinematic reconstruction 0.4
DY ME scale 0.4
Jet energy resolution 0.2
Muon energy scale 0.1
Pile-up 0.5
tW FSR scale 0.2
tW ISR scale 0.2
tW ME scale 0.2
mMCt 0.5
Top quark pT 0.7
Trigger 0.3
b hadron BF 0.1
tt FSR scale 0.7
tt ISR scale 0.3
ME/PS matching 0.2
tt ME scale 0.3
UE tune 0.3
DY background 0.9
tW background 0.6
W+jets background 0.1
Diboson background 0.6
tt background 0.3
Integrated luminosity 2.6
Statistical 0.7
MC statistical 1.5
Extrapolation uncertainties
tt ISR scale ±0.2
tt FSR scale ±0.1
tt ME scale ±0.1
UE tune ∓<0.10.1
PDF ±0.80.5
Top quark pT ±<0.10.1
Total σ(µ1)
tt
uncertainty +4.7−4.4
Table 3: Same as Table 2, but for σ(µ2)
tt
.
Source Uncertainty [%]
Jet energy scale 1.3
PDF 1.0
Lepton ID/isolation 2.3
Electron energy 0.4
b quark fragmentation 1.0
b tagging 0.5
Colour reconnection 1.0
Kinematic reconstruction 0.4
DY ME scale 0.2
Jet energy resolution 0.5
Muon energy scale 0.2
Pile-up 0.2
tW FSR scale 0.2
tW ISR scale 0.2
tW ME scale 0.2
mMCt 0.4
Top quark pT 0.4
Trigger 0.4
b hadron BF 0.2
tt FSR scale 1.5
tt ISR scale 0.3
ME/PS matching 0.8
tt ME scale 0.8
UE tune 0.2
DY background 1.2
tW background 1.1
W+jets background 0.2
Diboson background 0.3
tt background 0.2
Integrated luminosity 2.6
Statistical 0.6
MC statistical 1.8
Extrapolation uncertainties
tt ISR scale ∓0.20.1
tt FSR scale ∓<0.10.1
tt ME scale ∓0.10.2
UE tune ∓0.1<0.1
PDF ±0.80.6
Top quark pT ±0.1
Total σ(µ2)
tt
uncertainty +5.0−4.8
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Table 4: Same as Table 2, but for σ(µ3)
tt
.
Source Uncertainty [%]
Jet energy scale 1.8
PDF 1.2
Lepton ID/isolation 2.2
Electron energy 0.5
b quark fragmentation 1.1
b tagging 0.7
Colour reconnection 0.7
Kinematic reconstruction 0.3
DY ME scale 0.1
Jet energy resolution 0.1
Muon energy scale 0.1
Pile-up 0.3
tW FSR scale 0.1
tW ISR scale 0.1
tW ME scale 0.1
mMCt 0.6
Top quark pT 1.2
Trigger 0.4
b hadron BF 0.1
tt FSR scale 0.5
tt ISR scale 0.5
ME/PS matching 0.5
tt ME scale 0.7
UE tune 0.2
DY background 1.2
tW background 0.9
W+jets background 0.1
Diboson background 0.3
tt background 0.1
Integrated luminosity 2.6
Statistical 0.8
MC statistical 1.4
Extrapolation uncertainties
tt ISR scale ±0.20.1
tt FSR scale ±0.2<0.1
tt ME scale ∓0.40.5
UE tune ±0.1
PDF ±0.90.6
Top quark pT ±0.20.4
Total σ(µ3)
tt
uncertainty +5.0−4.8
Table 5: Same as Table 2, but for σ(µ4)
tt
.
Source Uncertainty [%]
Jet energy scale 2.2
PDF 1.5
Lepton ID/isolation 2.0
Electron energy 0.4
b quark fragmentation 0.9
b tagging 1.2
Colour reconnection 1.4
Kinematic reconstruction 0.6
DY ME scale 0.4
Jet energy resolution 0.8
Muon energy scale 0.4
Pile-up 0.4
tW FSR scale 0.4
tW ISR scale 0.4
tW ME scale 0.4
mMCt 0.4
Top quark pT 3.5
Trigger 0.5
b hadron BF 0.4
tt FSR scale 1.3
tt ISR scale 0.4
ME/PS matching 1.0
tt ME scale 1.8
UE tune 0.8
DY background 1.6
tW background 1.0
W+jets background 0.5
Diboson background 0.4
tt background 0.4
Integrated luminosity 2.6
Statistical 1.8
MC statistical 2.5
Extrapolation uncertainties
tt ISR scale ∓0.80.7
tt FSR scale ±0.2<0.1
tt ME scale ∓0.81.2
UE tune ±0.10.2
PDF ±1.20.9
Top quark pT ±0.61.2
Total σ(µ4)
tt
uncertainty +7.2−6.9
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